Background: Determination of the sex is an important step in the identification of skeletal remains especially in missing persons and mass disasters. Mandible, being a strong bone that is difficult to damage and disintegrate, is an important tool in sex determination.
Introduction
SEX determination is considered main stage in unidentified skeletons in medico legal cases as a part of establishing personal identity from skeletal remains, which is not always easily and correctly performed, especially in cases of mass disaster such as in explosions, warfare and aircraft crashes due to skeletal fragmentation [1] , as many of the parameters of human identification such as age and height are basically sex reliant [2] .
The skull is considered as the second most dimorphic portion to identify sex with accuracy up to 92%; following the pelvis [2] . Mandible, a strong bone, which is difficult to disintegrate and damage, plays a pivotal role in gender determination. It retains its shape and is considered as the most durable facial bone that remains well preserved and to produce healthier diagnostic fragments; compared to other more spongy bones [3, 4] . In various populations, marked significant differences between female and male mandibles have been reported [5] and this can help with prediction of the sex in unidentified mandibles. The mandible contains many distinctive variables that can be used for sex identification, even in badly burnt bodies. The dimorphism of the mandible is influenced by the forces of mastication that is associated with greater morphological changes in shape and size and remodeling, especially the ramus of the mandible; such changes differ greatly during the growth between males to females [4, 6] .
Reliability of sex determination from human remains relies basically on: The completeness of the remains (up to 100% accuracy in cases of complete skeleton); and the inherent grade of sexual dimorphism in a given people [7] . One of the best challenging tasks for forensic science is to detect the mysterious human skeletal remnants of deceased individuals. Morphological features of bones remains extreme important tool for medico-legal assessment for the sex study.
Metric standards for skeletal sex determination are considered a superior measure due to their objectivity, exactness, creativity; and their lower level of inter and intra-observer reliability; compared to other descriptive parameters [7] . Many studies reported that the adult mandible could be 645 used to recognize both sex and population resemblance compared to other standard analytical techniques with good results [8] .
The sexual discriminate function that characterizes one particular people cannot be applied to another set; owing to the greatness of sex-related changes that differ considerably among local peoples [9] . Despite several studies in many different areas worldwide, the characteristic features of mandibular sexual dimorphism are not well set in Egypt until now. An Egyptian study was conducted by Kharoshah et al., 2010 [10] for sex determination from the mandible using spiral CT scan, thus this study was conducted to compare measurement taken by this method with the previous finding taken by CT in Egyptian sample to validate the obtained results.
Panoramic radiographs are widely used in dentistry. Panoramic radiography accuracy in providing anatomic measurements for the angular and linear measurements on the mandible has been reported [5, 11, 12] .
The present study is designed calculate the mandibular measurements in an Egyptian population sample and determine their accuracy in estimating sexual dimorphism through orthopantomographic study.
Material and Methods
A study was conducted with 90 males and 92 females of the Egyptian population collected from the records of the Faculty of Dentistry outpatient clinic, University of Mansoura, Dakahlia, Egypt; with complete dentition during the period from March 2016 to August 2016. Cases with pathological, fractured or developmental abnormalities of the mandible were excluded. There was no mere exposure to X-ray. However, patients' information was kept confidential.
This study was conducted on 90 male and 92 females with mean age 37.62 ± 10.07y for males and 37.04± 11.03y for females with no significant differences between both ( p=0.716).
Orthopantomographs were captured by Kodak 8000C Digital Panoramic and Cephalometric System (73kVp, 12mA, 13.9s). Measurements of the mandibular ramus were recorded using Master View 3.0 software.
The following parameters were defined and measured as the following Figs. (1A,B) :
MxB: Maximum ramus breadth: The distance between the most anterior point on the mandibular ramus and a line connecting the most posterior point on the condyle and the angle of jaw [2, 7, 13] .
MnB: Minimum ramus breadth: Smallest anterior-posterior diameter of the ramus [2, 13] .
CdH: Condylar height: Height of the ramus of the mandible from the most superior point on the mandibular condyle to the tubercle, or most protruding portion of the inferior border of the ramus [2, 7] .
CrH: Coronoid height: Projective distance between coronoid and lower wall of the bone [2, 7] .
ND: Mandibular notch depth: The distance along a perpendicular line from the deepest point of the ramus notch concavity [14] .
PH: Projective height of ramus is the distance between the highest point of the mandibular condyle and lower margin of the bone [2, 7] .
GA: Gonial Angle: The angle between two tangents which are drawn from inferior border of the mandible and posterior borders of condyle (i.e. angle between the ramus and corpus of the mandible) [15] .
BCL: Bicondylar Length: Distance between two condylion [10] .
BGL: Bigonial Length: Distance between two gonions [10] .
MBL: Mandibular Base Length: The length of the curved line connecting the right gonion-(Mentum, lowest point on the bony outline of the mandibular symphysis); and left gonion [16] .
McL: Mandibular canal length: The sum of all the lengths of the divided sections of the mandibular canal (the mandibular canal was divided into short sections 5mm, and the length of each part approximated to its arc length) [17] . Different models were calculated by stepwise discriminant analysis to estimate the most discriminatory model to differentiate between males and females.
Statistical analysis:
SPSS statistical analysis program (Version 16.0) was used to analyze the data using numbers and percent for qualitative data and using mean and standard deviation for quantitative data. Student-t-test was used to establish that a major difference occurred between the male and female mean values for each of the measurements, and then the direct and stepwise analyses were performed on the significant variables. Univariate analysis was performed on each of the variables in order to obtain demarking points (average of male and female mean values) that could be used for fragmentary bones in which all parameters are not measurable. Discriminant analysis with ''the stepwise feature being used to the variable or combination of variables that best discriminates between sexes. Direct analysis of individual variables was performed to develop formulae to allow sex determination from fragmentary remains. 
Results
Descriptive statistics of all mandibular metric parameters (n=11) and associated univariate F ratio for both sexes were shown in ( Table 1) . All measurements were found to be statistically significant between the sexes ( p<0.05). Comparison of mean values shows that all parameters were higher for male measurements than females. The F-statistic values indicate that mandibular parameters expressing the greatest dimorphism were coronoid height, projective height, mandibular canal length, condylar height, and mandibular notch depth (Table 1) . In this model the sectioning point was found to be -0.097.
This study investigated the prediction accuracy of four different models: Model I (all mandibular metric parameters were studied); model II (four metric parameters chosen by stepwise analysis); model III (three metric parameters according to Saini et al., [7] model IV (studied four metric parameters according to Kharoshah et al., [10] . The stepwise discriminant analysis test define the best interpreters of sex discrimination ( Table 3) .
The study identified model II as a most accurate predictor of sex determination which uses coronoid height, mandibular canal length, bicondylar length and mandibular notch depth (overall predictive accuracy is 76%). It could properly recognize males in 76.1% and females in 23.8% of cases. Incorrect identification of males occurred in 23.9% versus 76.2% in females as shown in Table. 
Discussion
The accurate and reliable estimation of biological sex is important for the detection of unidentified human remnants [6] . The sex determination of the human remnants based on measurements and morphometry especially in missing persons and mass disasters, is more reliable and can be used as a tool in the sex determination from the skull [13] .
In Egypt, few studies have been performed to investigate sexual dimorphism in hand bones [18, 19] , foot bones [20, 21] , femur [22] , maxillary sinus [23] and lumbar vertebra [24] and only one study on the mandible [10] .
In Egypt, few studies had been conducted to produce Egyptian specific standards for accurate sex determination through the mandible. The accuracy of panoramic radiography in providing anatomic measurements has been established. The panoramic images have many advantages as low patient radiation dose, used routinely, broad coverage, short time maneuver, and the better resolution of the image taken [8] . In panoramic images, the vertical dimension is little altered in contrast to the horizontal dimension. Since all images were uniformly magnified this did not affect our results [25] .
In this study, discriminate analysis was employed for eleven variables; and different models were tested as well; in males and females sample of Egyptian population to come up with the best model for sex determination. All the eleven parameters were found to be considerably differentiated between male and female; and the most dimorphic measures were coronoid height, projective height, and mandibular canal length, followed by mandibular notch depth and condylar height. Meanwhile the least variables were gonial angle and bicondylar length.
In an Egyptian study that was conducted by Kharoshah et al., [10] , they studied 330 Egyptian subjects for the accuracy of six metric parameters of the mandible in sex determination using spiral CT scan. They found that only three parameters (bicondylar breadth, gonial angle and the minimum ramus breadth); to be significantly higher in males than females. Also, the best model detected by stepwise discriminate analysis used four parameters which are bicondylar breadth, gonion angle, and minimum ramus breadth and ramus length; with an overall predictive accuracy of 83.9%. These findings differ from that findings declared in this study, which may account for the different tool of measurements used in either study. In this study, orthopantomograph was used as the tool of assessment for their routine wide use by clinicians and considered as the most appropriate screening tool [2] .
In the stepwise discriminate analysis, four variables were selected from the eleven studied variables to give an accuracy of 76%; a percent that approximately similar to different studies that was conducted in different population [4] and may be lower than other studies [26] . Comparing such parameters with model IV that was employed in this study, the accuracy of model IV was less than that used in the study conducted by Kharoshah et al., [10] . These metric measure findings were different from other population, such as Australians, where, Franklin et al., [4] found that coronoid height, ramus height and maximum length were the most significant variables and the least were the breadth and height measurements of the symphysis. Another study that was conducted in South Africa found that their findings coincide with that of Franklin and his colleagues [26] .
In an Indian study, the best parameters for sex discrimination were coronoid height, condylar height and projective height; followed by maximum and minimum ramus breadth; with an overall prediction accuracy rate 80.2%. The study prediction accuracy rate in females was slightly higher than males [3] ; which differs from the results declared in the present study where the male accuracy prediction rate was higher than those of females. Comparing the parameters studied in model III that was employed in this Indian study, accuracy of model III was 72.7%, which was lesser than same parameters used in this Indian study (accuracy =80.2%).
Another Indian study was conducted by Indira et al., [2] stated that minimum ramus breadth, condylar height, and projective height were the best standard used for sex identification with overall prediction accuracy rate 76%.
In a third Indian study conducted by Sambhana et al., [5] using a single variable as the mandibular length or the coronoid height increased the accuracy of sexing the mandible between 50% and 74.7%. While using the 10 measured variables increased the prediction rate to 75.8%, with more accurately determined in females. In a previous study, the greatest sexual dimorphism was at the maximum ramus height [27] in accordance with the results of Schultze et al., [12] and Kambylafkas et al., [28] which assured that mandibular ramus showed differences between the sexes more than mandibular body. Similar results were reported by Samatha et al., [29] as the projective height of ramus showed the highest sexual dimorphism and least was seen with minimum ramus breadth. Projective height of ramus, maximum ramus breadth and condylar height was statistically significant.
In the current study, a formula was developed to predict the sex of the mandible from fragmentary remains with high accuracy using the most dimorphic mandibular parameters with sectioning point -0.097. This formula could be applied to Egyptian population; however, it has some limitations as small sample size and the presence of confounders that may affect the results as malnutrition.
With respect to the previous studies, the important variables were projective height, mandibular height, mandibular width, or mandibular gonial angle on an individual basis. The current study examined all the existing important parameters put together for determining the usefulness of the ramus. The present study, found out that the projective height, coronoid height, and mandibular canal length, were highest in the sexual differences followed by condylar height and mandibular notch depth. The gonial angle and bicodylar length showed the least variables.
Although it is well established that that mandibular metric standards vary from one population to another and thus it cannot be employed similarly between racial groups [30] , most of the studies, including the finding of this study, agreed that mandibular ramus is generally the most pronounced sexually dimorphic part in the mandible rather than the body [2] .
Gustafson was the first to use orthopantomography in forensic practice for the purpose of identification [31] . It has been used in comparing antemortem and postmortem dental characteristics [31] . As panoramic radiography is widely used in screening and epidemiological studies [32] it will be helpful in human identification using the mandible remains especially in mass disasters.
Conclusion:
This study illustrates the potential sex discriminating power of mandible for personal identifications in forensic investigations and that mandibular ramus are generally the most pronounced sexually dimorphic part in the mandible. Mandibular ramus measurements using orthopantomographs can be used as a reliable parameter for sex determination. Further studies are needed on larger samples and different socio-environmental factors such as malnutrition; using different tools of measurements.
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